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HYBRID NUTATING PUMP 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] 

STATEMENT CONCERNING FEDERALLY SPONSORED 
RESEARCH OR DEVELOPMENT 

[0002] Not applicable. 

FIELD OF THE INVENTION 
[0003] This invention relates to pumps, and in particular, to nutating pumps. 

BACKGROUND OF THE INVENTION 
[0004] Nutating pumps having a nutating member that has a circular rocking or wobble 
type of motion to reciprocate pistons so as to result in pumping action are known. For example, 
U.S. Patent No. 5,007,385 discloses such a mechanism that uses either a spherical bearing or 
alternatively a cross-type universal joint between the wobble member and the housing. The 
wobble member is driven eccentrically by a drive shaft and has arms joined by ball joints or 
other pivot joints to pistons that reciprocate linearly. 

[0005] These types of mechanisms have typically had many sliding surfaces and, 
therefore, many bearings, each making the whole construction relatively complex, difficult to 
assemble, and expensive. 

SUMMARY OF THE INVENTION 
[0006] The invention provides a nutating pump in which a cross-type universal joint 
connects the nutating member to the housing, ball joints connect the nutating member to the 



WO 2004/113724 



PCT/US2004/019467 



piston rods, and the piston rods are fixed to the piston heads so that the piston heads wobble in 
the pump cylinders. This eliminates a bearing connection between the piston rod and the piston 
head, while achieving the benefits of using a universal joint to connect the nutating member to 
the housing to take side loads off of the piston heads. 

[0007] In another aspect of the invention, the piston rods are made relatively long so as to 
minimize the wobble motion of the piston heads in the pump cylinders. The longer that the 
piston rods can be made, the less that the piston heads will wobble in the pump cylinders. In 
other words, for example for a 12° tilt angle of the universal joint, with a sufficiently long piston 
rod, the piston head will only tilt 1°. Such a low tilt of the piston head from being axially 
aligned in the pump cylinder allows the use of either a piston cup, as is common in wobble 
pistons, or of a split-ring seal (a split-ring being of the type that is commonly used in internal 
combustion reciprocating engines and some reciprocating pumps). Split-ring seals are generally 
regarded as providing very long wear-life and low blow-by leakage, whereas a wobble piston 
cup provides adequate sealing with a relatively larger angle of tilt of the wobble piston head. 

[0008] It is desirable to use a universal joint to connect the nutating member to the 
housing -beeause the universal joint is eapabte of earning - the torsional loading to wfcfeh the 
wobble member is subjected, reducing side loading on the pistons. Side loading on the pistons 
results in increased wear, shorter life, and more blow-by leakage over the life of the pump. 

[0009] In addition, a long stroke which is enabled by the U-joint and also by the use of 
the socket joints to connect the wobble member to the piston rods provides higher flow in a small 
space, which is significantly higher than other types of nutating pump designs. Allowing use of 
split-ring seals instead of piston cups also helps reduce frictional loading and provides better 
efficiency. 
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[0010] The foregoing and other objects and advantages of the invention will appear in the 
detailed description which follows. In the description, reference is made to the accompanying 
drawings which illustrate a preferred embodiment of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Fig. 1 is a cross-sectional, schematic view taken on a 90° cross-section line 
illustrating a pump incorporating the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0012] A pump 10 of the invention has a housing 12 which may be made in any number 
of pieces, a pair of compression pistons 14 opposite from one another (only one shown, the other 
one would be 180° apart from the one shown, Fig. 1 being a 90° cross-sectional view), a pair of 
vacuum pistons 16 (only one shown, the other vacuum piston 16 being opposite from the one 
shown, 180° spaced therefrom about the axis of drive shaft 18). Each piston 14, 16 has a head 
14A or 16A and a rod 14B or 16B, respectively. The heads 14A and 16A reciprocate with a 
slight wobble motion in respective pump cylinders 20 and 22. Heads 14A and 16A have 
respective split ring seals 14C, 16C, preferably made of a polytetrafluoroethylene composite 
material;, that establish a sliding seal with the walls of the cylinders 20, 22 and are preferably 
radiused on their outside surfaces with a radius equal to the cylinder radius to maintain good 
sealing as the piston wobbles in the cylinder. Intake valve 24 and exhaust valve 26 are provided 
respectively to and from the pumping chamber in cylinder 20 and intake valve 28 and exhaust 
valve 30 are provided respectively to and from the pumping chamber in the cylinder 22. The 
invention could also be applied to a pressure-only or a vacuum-only pump, and in that case it 
would be desirable to provide an odd number of pistons, e.g., three or five, to minimize gas 
pulsations. 
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[0013] Intake air for cylinder 20 comes into intake chamber 34 through holes 36 and 
compressed air exits cylinder 20 past valve 26 into exhaust chamber 36 and from exhaust 
chamber 36 through connector tube 38 which, as indicated by dashed line 40, is in 
communication with the chamber 36. Intake for the vacuum cylinder 22 comes through hole 42 
into sound attenuator housing 44 and through holes 46 into the interior of the housing 12 where it 
can pass through the piston head 16A past the valve 28 into the pumping chamber of the cylinder 
22. Compressed exhaust air from the vacuum cylinder 22 passes by valve 30 into exhaust 
chamber 48 and out of exhaust chamber 48 either through holes 50 or alternatively through a 
connector tube 52 that, as illustrated by the dashed line 54 is in communication with the chamber 
48. The connector tubes 38 and 52 pass through the attenuator chamber 44 so that all the 
connections for the pump, including the intake 42 to the vacuum chamber and the exhausts from 
the pressure and vacuum pumps, can all be provided at the end of the pump. If desired, a 
connector tube like the tubes 38 and 52 could also be provided for the intake for the pressure 
cylinder 20. 

[0014] A cross-type universal joint 56 has two of its opposed arms journalled to 
connector 58 and- the- other two of its opposed aens ^whieh are at 90 s to the -first twa opposed 
arms mentioned) journalled to wobble member 60. "Opposed" as used herein means that the two 
arms are 180° apart. Wobble member 60 mounts the outer race of a bearing 62 at its end which 
is opposite from the universal joint 56 and the inner race of the bearing is pressed onto an 
eccentric stub shaft 64 which is fixed off-center and at an angle to drive shaft 18. Drive shaft 18 
is driven by motor 68 which has its stator fixed to the housing 12 and is journalled by bearings 
70 to the housing 12. The center of the universal joint 56 is on the axis of shaft 18. When the 
shaft 18 is rotated, the universal joint 56 permits the eccentric 64 to impart a wobbling motion to 
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the wobble member 60 such that the two compression pistons 14 (which are 180° relative to each 
other about the axis of shaft 18) are 180° out of phase with one another and the two vacuum 
pistons 16, which are at 90° to the compression pistons 14 about the axis of shaft 18 (and which 
are 180° relative to each other about the axis of shaft 18), are 180° out of phase with one another. 

[0015] The wobble member 60 has arms 74 which extend from it to the four piston rods 
14B and 16B. The arms 74 extend into the respective piston rods and at their ends have ball 
heads 76. The piston rods 14B and 16B are hollow and contain within them each a fixed socket 
half 78 and a biased socket half 80. Each fixed socket half 78 of the compressor piston rods 14B 
is held at a constant spacing from the piston head 14A by a spacer tube 82 which is contained 
within the rod 14B and the fixed socket half 78 of the vacuum piston rod 16B is held at a fixed 
spacing from the vacuum piston head 16A by the rod 16B being crimped over at its end 84. 
Biased socket half 80 of each compression piston rod 14B is biased toward the ball head 76 and 
toward the piston head 14A by a spring 86 which is held in the rod 14B by the crimp . at end 84. 
The socket half 80 of the vacuum piston 16 is biased against the ball head 76 and away from the 
piston head 16A by a spring 86, which has its other end acting against a spacer tube 88 inside 
each piston red 16B. The springs 86 provide a preload on the bafrheads 76 and are not subj eeted 
to forces (other than the ones they exert) on the working strokes of the respective pistons. That 
is because a rigid connection is provided between the ball head 76 and the compressor piston 
head 14A by the spacer tube 82 and socket half 78 on the power stroke of the compressor piston 
(i.e. going toward top dead center) and a rigid connection is provided between the ball head 76 
and the vacuum piston head 16A on its power stroke (i.e. going toward bottom dead center) by 
the socket half 78 and the piston rod 16B being crimped over it. Alternatively, the ball and 
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socket joint could be reversed, with the balls on the piston rods 14B, 16B and the sockets on the 
wobble member 60. 

[0016] A preferred embodiment of the invention has been described in considerable 
detail. Many modifications and variations to the preferred embodiment described will be 
apparent to a person of ordinary skill in the art. For example, split ring seals rather than cup 
seals could possibly be employed if the the piston rods were made long enough or the wobble of 
the piston was otherwise reduced to make split ring seals practical. Therefore, the invention 
should not be limited to the embodiment described. 
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